Background Higher heart rate is associated with mortality, whereas its association with clinical cardiovascular events is much more challenged. (1.18-1.47). Heart rate 590 bpm increased women's risk of CVD with HR (95% CI) 1.23 (1.09-1.38). Heart rate 575 bpm in men increased the risk of heart disease. Heart rate 590 bpm increased the risks of coronary heart disease (CHD) and stroke in men, and the risks of heart disease and CHD in women.
Introduction
Cardiovascular disease (CVD) is common in the general population and places a high burden of disability and mortality. 1, 2 Developing countries (including China) have experienced a CVD epidemic according to the World Health Report. 3 A number of epidemiological and clinical studies have been done to test the association between heart rate and CVD. 4, 5 Some studies pointed out elevated heart rate as a risk marker of CVD, [6] [7] [8] [9] [10] but the opinion was still inconsistent 11 because of the positive association between heart rate and hypertension. 12 Furthermore, its association with clinical cardiovascular events is much more challenged.
The influence of heart rate on the risk of CVD in Chinese adults at the nation-wide level is not well studied, though a regional cohort study in Guangzhou, China, with a small sample has examined the relationship between heart rate and CVD. 13 We used data from a large, prospective cohort study in Chinese adults with a nationally representative sample to examine the influence of heart rate on the incidence of CVD in China.
Methods

Study population
Details of the study population and methods for the China National Hypertension Survey Epidemiology Follow-up Study have been published elsewhere. 14 In brief, a nation-wide population-based sample of 169 871 Chinese adults aged 540 years at 1991 (baseline) were followed up during 1999-2000 in the study.
For this report, 46 180 individuals were excluded because of lack of information about heart rate according to the records. The baseline characteristics of subjects from the remaining population in this analysis were similar to those of the original population. In the two populations, the mean baseline ages were 55.4 and 55.8 years; the mean baseline body mass indexes (BMIs), 22.2 and 22.6 kg/m 2 ; the mean baseline systolic blood pressures, 125.8 and 126.5 mmHg; the percentages of subjects who were men were 49.6 and 49.1%; who had ever smoked, 37.7 and 37.9%; who were physically inactive, 36.4 and 36.7%; and who consumed alcohol, 20.1 and 19.8%, respectively. However, the CVD incidence of the two groups were 870.5/100 000 and 943.5/100 000 person-years, respectively.
Among 123 691 eligible participants, 115 700 (93.5%) were followed up successfully. Other participants with prevalent CVD at baseline (1900), heart rate 5130 beats per minute (bpm) (139), antihypertension treatment (3397) and other variables missing (1730) were also excluded. In the analysis, 108 534 subjects were included ( Figure 1 ).
Baseline examination
Baseline data were collected by specially trained physicians and nurses using standardized methods with stringent levels of quality control. 15 Data on 46 180 subjects were excluded because of lack of information about heart rate according to the records.
123 691 participants with heart rate were eligible.
7991 participants who refused or were lost to follow-up were excluded.
115 700 participants or their proxies were identified or interviewed.
1900 participants with prevalent CVD at baseline were excluded to avoid the potential bias caused by the presence of clinically diagnosed CVD.
113 800 participants without CVD were retained.
China National Hypertension Survey Epidemiology Follow-up Study 169 871 participants aged ≥40 years at the baseline survey in 1991 were eligible.
139 individuals with heart rate ≥130 beats per minute to minimize the potential measure bias; 3397 individuals who accepted anti-hypertension treatment were excluded because blood pressure is related to heart rate. The treatment could change patients' heart rate. And 1730 with other missing data were also excluded.
Data from 108 534 participants were retained in the further analysis. Figure 1 Flow chart of participant recruitment and derivation of the population used in the final analysis HEART RATE INFLUENCE ON INCIDENCE OF CVD demographic characteristics, cigarette smoking, alcohol consumption status, medical history, work-related physical activity, education background and other lifestyle risk factors were collected. 16 Blood pressure was measured three times for all participants in sitting position after resting for 5 min according to a standard protocol. 17 Subsequently, a 15 s heart rate was obtained manually once from every subject. We excluded subjects with arrhythmias alternatively by physicians' direct auscultation or heart disease history obtained by trained medical staff. Participants were instructed not to eat; drink alcohol, coffee or tea; smoke or exercise for 530 min prior to their blood pressure measurement. 16 Body weight and height were measured with a standard protocol, in light indoor clothing, without shoes.
. No blood measures were available.
Follow-up data collection
The follow-up examination was conducted during 1999-2000, which included tracking study participants or their proxies to a current address, performing in-depth interviews to collect information about participants' health status (history of disease, hospitalization and death), and obtaining hospital records and death certificates. If a participant had been hospitalized or had an overnight stay at the emergency room because of acute myocardial infarction (AMI) or stroke, the related hospital record (including medical history, physical examination findings, laboratory test results and discharge diagnosis) was abstracted by trained staff according to a standard format. Photocopies of selected sections of the participant's in-patient record, discharge summary, electrocardiogram and pathology reports were also obtained. If a participant was reported to have died during a hospitalization, the related information was also abstracted. If a participant died outside of the hospital, the related information was obtained from a family member or healthcare provider. All deaths identified were verified with death certificates from the local public health department or police department.
An end-point assessment committee in each province reviewed the abstracted information to confirm or reject the hospital discharge diagnosis or cause of death based on the abstracted information using ARIC criteria. 18 Subtypes of stroke (haemorrhagic, ischaemic and unspecified) were also classified. A study wide end-point assessment committee at the Chinese Academy of Medical Sciences in Beijing reviewed all the medical information and determined the final diagnosis of all the events or the underlying cause of deaths. Two committee members verified the records independently, and the discrepancies were adjudicated by discussion involving additional committee members. All members of the local and study wide end-point assessment committees were blinded to the information about baseline risk factors of the study participants. Reported AMI or stroke (87.6%) was ascertained by medical records. From certificates, 98.5% of deaths were obtained. Information (64.0%) of CVD events was obtained from interview with participants, 16.0% from the family members and 20.0% from healthcares and others.
Causes of death were coded according to the International Classification of Diseases, Ninth Revision (ICD-9). For this report, CVD was defined as diagnosed as AMI or stroke or died due to CVD (ICD-9: 390.0-398.9, 401.0-429.9 and 430.0-438.9). Heart disease was defined as a confirmed diagnosis of AMI or an underlying cause of death (ICD-9: 390.0-398.9 and 401.0-429.9); coronary heart disease (CHD), a confirmed diagnosis of AMI or an underlying cause of death (ICD-9: 410.0-414.9); and stroke, as a confirmed diagnosis of stroke or an underlying cause of death (ICD9: 430.0-438.9). Ischemic stroke: a confirmed diagnosis of ischemic stroke or ischemic stroke listed as an underlying cause of death ICD9: 433.0-435. Hemorrhagic stroke: a confirmed diagnosis of hemorrhagic stroke or hemorrhagic stroke listed as an underlying cause of death ICD9: 430-432.9. Events of CVD were calculated from the number of confirmed AMI, stroke or death, whichever came first.
The current study was approved by the Cardiovascular Institute and Fu Wai Hospital Ethics Committee and the Tulane University Health Sciences Center Institutional Review Board. Written informed consent was obtained from all study participants or their proxies at their follow-up visit.
Statistical analysis
Person-years of follow-up were calculated for each study subject. The CVD incidence was calculated. In this report, heart rate was entered as both a categorical and a continuous variable. In order to cover the range better, heart rate, as a categorical variable, was classified into <60, 60-74, 75-89 and 590 bpm, according to normal range of heart rate (60-89 bpm) in clinical practice rather than ranges based on quartiles. As a continuous variable, 10 bpm was the changing unit in heart rate.
In analysis of baseline characteristics based on different levels of heart rate, chi-square test and analysis of variance were used to examine the categorical and continuous variables, respectively. Kaplan-Meier product limit methods were used to calculate survival curves for CVD incidence according to heart rate categories and log-rank tests were used to examine the difference among these groups.
Hazard ratios (HRs) were estimated by the Cox proportional hazard regression model in men and women, respectively. The different levels of heart rate were entered as dummy variables with 60-74 bpm as the reference. First, participants' baseline age was the only factor adjusted for in the models. In the final multivariate models, all related preventable risk factors, including baseline age, systolic blood pressure, cigarette smoking, alcohol consumption, BMI, physical activity, education, geographic region (north vs south), urbanization (urban vs rural) and time-dependent history of diabetes were all adjusted for.
The analysis for higher heart rate (590 bpm) and clustering of other CVD risk factors (including hypertension, cigarette smoking, physical inactivity, overweight and obesity) was done to examine whether higher heart rate still impacted on risk of CVD when an individual had multiple other risk factors of CVD. Participants were divided into six groups: (i) heart rate <90 bpm (ÀA) and without other related risk factors, (ii) heart rate 590 bpm (þA) and without related risk factors, (iii) ÀA and one risk factor, (iv) þA and one risk factor, (v) ÀA and two or more risk factors, and (vi) þA and two or more risk factors. Group (i) was regarded as the reference in this model, whereas other potential variables were all adjusted for.
In subgroup analysis, two different models were set. Firstly, participants were divided into two groups according to their age (<65 and 565 years). Secondly, the population was divided into two groups based on participants' hypertension status. All potential confounding factors were included in the models.
In sensitivity analysis, (i) participants who developed CVD within the first year of follow-up were excluded and (ii) participants with heart rate <50 or 4100 bpm were excluded. Multivariate-adjusted models were established as those based on full population.
Statistical analyses were conducted with the use of SAS, version 9.0 (SAS Institute). Statistical significance was defined as P <0.05.
Results
After an average of 8.3 years' follow-up (836 811 person-years), 6837 participants (3932 men and 2905 women) developed CVD. The CVD incidence were 957.4/100 000 (95% CI, 927.6-987.2/100 000) person-years in men and 681.7/100 000 (95% CI, 657.0-706.4/100 000) person-years in women, respectively. Table 1 shows the baseline characteristics of the study population according to different levels of heart rate. Participants with the highest and lowest heart rates tended to be older. Participants with higher heart rates were most likely to have higher means of systolic (except individuals with heart rates of 60-74 bpm) and diastolic blood pressure, increased BMI slightly, were more often smokers, tended to perform physical activity, and more often lived in North China in rural areas and could be from either sex. Meanwhile, participants with heart rates 60-74 bpm had the highest percentage of higher school education. At the same time, men with higher heart rates were most likely to be drinkers, whereas no differences (P ¼ 0.488) were found in women.
Kaplan-Meier survival curves for CVD incidence are presented in Figure 2 (for different heart rate levels on both sexes, all log-rank P values <0.001). Table 2 shows the person-years of follow-up and events of CVD, heart disease, CHD, stroke, ischemic stroke and hemorrhagic stroke according to heart rate. The relationships between heart rate and CVD, heart disease, CHD, stroke, ischemic stroke and hemorrhagic stroke in men and women, respectively, are also presented here.
Compared with the participants with a heart rate of 60-74 bpm, men with 75-89 and 590 bpm had higher risks of CVD and heart disease, and the corresponding multivariate-adjusted HRs and 95% confidence intervals (CIs) were 1. Meanwhile, positive line trends were found between heart rate (per 10 bpm increase) and incidence of CVD, heart disease and CHD (P < 0.001 for all) ( Table 2 ). There was no statistically significant interaction between sex and heart rate (P ¼ 0.27) for the risk of stroke. Table 3 shows adjusted HRs of CVD incidence according to levels of heart rate and number of other risk factors. The corresponding multivariate-adjusted HRs and 95% CIs for groups (i) to (vi) were 1.00, 1.23 (1.06-1.44), 1.64 (1.54-1.76), 2.29 (2.04-2.57), 2.32 (2.16-2.50) and 2.73 (2.40-3.11), respectively. Figures 3 and 4 indicate the multivariate-adjusted HRs (95% CIs) in men and women according to different age and status of hypertension. According to the results, a higher heart rate was a risk marker for CVD in different subgroups, though the effect of heart rate among the older (565 years) women did not reach a significant level (P40.05 for the compared heart rate groups in the older women).
In the sensitivity analysis, after excluding participants who developed CVD within the first year of follow-up, the multivariate-adjusted HRs and 95% CIs across heart rate groups (<60, 60-74, 75-89 and 590 bpm) were 1.14 (0.81-1.59), 1.00, 
Discussion
Previous studies have shown a positive association between elevated heart rate and increasing risk of CVD. 6, 8, 9, 19, 20 Greenland et al. 6 examined the data from a cohort study with 22 years' follow-up, namely, the Chicago Heart Association Detection Project in Industry, which involved 33 781 black and white populations and indicated that higher heart rate was related to the higher risk of CVD and CHD in young men (18-39 years) and in middle-aged subjects (40-59 years) with per 12 bpm increase of heart rate after adjusted for related factors. A British Regional Heart Study of 7735 men aged 44-59 years from 24 British towns with 8 years' follow-up showed that higher resting heart rates (590 bpm) increased the risk of ischemic heart disease after multivariate adjustment. 19 The CORDIS study, 8 with 8 years'
follow-up from 3527 Israeli male industrial employees, reported that heart rates 490 bpm increased the risk of CVD. Furthermore, similar relationships were also found in the male population of the Framingham Study 9, 20 and one study of women. 21 In China, a regional study also showed a possibly positive trend between higher rates of cardio-cerebrovascular events and higher heart rate, though the results did not reach a significant level (0.05) because of a small sample size. 13 Our analysis confirmed and expanded these results. In the present 8.3-years follow-up of Chinese adults (age 540 years), an elevated heart rate was significantly associated with increasing risk of CVD both in men and women after adjusting for potential confounders. The results of analysis for clustering of CVD risk factors were similar to those of the prior analysis in this report. Even in the sensitivity 
, where kg, kilograms; m, meters. Cigarette smoking, smoking one or more cigarette per day for 51 year; alcohol consumption, drinking alcohol 512 times during the past year; physical inactivity, based on participants' work-related activity only; high school graduate: including those who had received high school education or higher.
analyses, the relationship did not change, which indicated that elevated heart rates did not work as an indicator of pre-existing CVD. Besides, there were positive associations between heart rate and risk of heart disease and CHD in both sexes. We found that a higher heart rate was related to the risk of stroke in men in this study, which is not consistent with other research in Western populations. [20] [21] [22] The Chinese incidence of stroke is higher than that in Western populations. 23 And the incidence rate in Chinese men was higher than that in women. 23 In our study, 2271 stroke events among 53 832 men and 1605 stroke events among 54 702 women were recorded after an average of 8.3 years' follow-up. Therefore, a higher incidence of stroke in Chinese men based on a large sample size in our study might explain the phenomenon at least partially.
There was no consistency in the relationship between elevated heart rates and risk of CVD from different age groups. 6, 9, 21 In the Framingham Study, 9 higher heart rates were found to influence the risk of CVD in participants <65 and 565 years old. However, no similar results were found in two other studies. 6, 21 In our analysis, an elevated heart rate was a risk marker of CVD in both <65 year old men and women. For those 565 years, a similar pattern was found in subgroups of participants <65 years old; however, the results did not reached significance.
An elevated heart rate is associated with increased blood pressure. 12, 24 And blood pressure was regarded as a pathway that links between elevated heart rate and CVD by some researchers. 11 However, in the present study, an elevated heart rate was also found to increase the risk of CVD in both normotensive and hypertensive subgroups. It suggests that heart rate can be regarded as an independent marker of CVD in this study.
The effects of an elevated heart rate on the risk of CVD in men and in women were rather similar. But there were significant effects of heart rate attribute to CVD and heart disease in groups with heart rates 75-89 bpm in men rather than in women. Similar phenomenon was also indicated in the other studies, 9,25,26 which still have not been explained clearly. Lower incidence in women might explain it partially. 22 Palatini speculated in one of his reviews that a greater variability of heart rate in female participants might be a reason, though he said no such consequence was proved in his study. 27 Further discussion should be done for this.
It was considered that the relationship between elevated heart rate and the higher risk of CVD was caused by the association between heart rate and atherosclerotic lesions, which can be explained by numerous direct mechanisms. 4, 28, 29 Results from animal experiments 30, 31 indicate that heart rate is related to the extent of coronary atherosclerosis. In prior researches about human beings, similar results were found. 32 Elevated heart rate can stimulate the arterial wall, prolong the exposure of coronary endothelium to the systolic low and oscillatory shear stress, intensify the pulsatile motion of the heart, and change the geometry of the coronary arteries, then affect the local hemodynamic environment. 29 Elevated heart rate increased oxygen consumption. The imbalance between myocardial demand and supply is another possible reason that can lead to CVD. 33 Data used in this analysis were from a large nationally representative population-based follow-up study including adults aged 540 years in China with stringent levels of quality control. The results of our study might enrich related information in Asian populations.
Some limitations of this analysis should be noted. The lack of regular enquiry and autopsy data to confirm causes of death may have introduced some misclassification bias. However, a high response rate (493%) was maintained. Moreover, stringent measures were used by trained staff to classify the records in our study, which could be helpful to reduce this type of potential bias. We did not collect data on leisure-time physical activity, serum cholesterol levels, plasma glucose level or results of other laboratory tests, or changes in the heart rate and other related variables over time. The potential effect of these variables could not be estimated. However, one study showed that cholesterol could be replaced by BMI in the non-laboratory index model. 34 Two models were set separately. Laboratory index model Figure 2 Kaplan-Meier survival curves for CVD incidence according to heart rate by gender Heart disease: a confirmed diagnosis of acute myocardial infarction or heart disease listed as an underyling cause of death ICD-9, 390.0-398.9 and 401.0-429.9. CHD, coronary heart disease, a confirmed diagnosis of acute myocardial infarction or heart disease listed as an underlying cause of death ICD-9: 410.0-414.9. Stroke, a confirmed diagnosis of stroke or stroke listed as an underlying cause of death ICD-9, 430.0-438.9. Ischemic stroke: a confirmed diagnosis of ischemic stroke or ischemic stroke listed as an underlying cause of death ICD-9: 433.0-435. Hemorrhagic stroke: a confirmed diagnosis of hemorrhagic stroke or hemorrhagic stroke listed as an underlying cause of death ICD-9: 430-432.9.
included cholesterol and the non-laboratory-index model included BMI instead of cholesterol. Two models had similar results on predicting CVD events. And for plasma glucose, one study showed that relative risks did not change after adjusting for the variables. 6 In conclusion, elevated heart rates were associated with higher CVD incidence in Chinese adults in this study population. This indicates that elevated heart rates could be regarded as a risk marker for CVD in Chinese adults. 
KEY MESSAGES
Elevated heart rates were associated with high cardiovascular disease incidence in Chinese adults.
Higher resting heart rate could be regarded as an independent predictive marker for risk of stroke in Chinese adult men.
Heart rate 590 bpm increased risk of coronary heart disease incidence in Chinese adults. N, number of participants; ÀA, heart rate <90 bpm; A, heart rate 590 bpm; Risk factors, hypertension (a mean systolic blood pressure 5140 mmHg and/or a mean diastolic blood pressure 590 mmHg), cigarette smoking, overweight and obesity (BMI524kg/m 2 ), and physical inactivity. Adjusted for baseline age, gender, alcohol consumption, education, geographic region (north vs south) and urbanization (urban vs rural), time-dependent history of diabetes. Hypertension was defined as a mean systolic blood pressure 5140 mmHg and/or a mean diastolic blood pressure 590 mmHg. Adjusted for age, cigarette smoking, alcohol consumption, BMI, physical activity, education, geographic region (north vs south), urbanization (urban vs rural) and time-dependent history of diabetes Figure 3 HR of CVD according to heart rate by gender and age. Triangles represent HRs of men; rhombuses HRs of women. Error bars indicate 95% CIs. Adjusted for age, systolic blood pressure, cigarette smoking, alcohol consumption, BMI, physical activity, education, geographic region (north vs south), urbanization (urban vs rural) and time-dependent history of diabetes
